Abstract
a common parent in maize (Yu et al. 2008) , has been successfully applied to a large 
56
For the study of maize domestication, many new discoveries were made using a 57 biparental maize-teosinte BC2S3 RIL population. Shannon (2012) performed QTL 58 mapping for 16 traits and examined the genetic architecture of domestication at the 59 whole genome level. This RIL population has also been widely used to fine-map QTL 60 and identify causal or candidate genes for many QTLs including ones controlling seed 61 shattering (Lin et al. 2012) , leaf number (Li et al. 2016) , kernel row number (Calderón et 62 al. 2016), shoot apical meristem morphology (Leiboff et al. 2016) , vascular bundle 63 number , tassel related traits (Xu et al. 2017b) , and nodal root 64 number (Zhang et al. 2018) . With this population, several QTL have been fine-mapped 65 to single genes including grassy tillers1 (gt1) for controlling prolificacy (Wills et al. 2013 ), ZmCCT9 (Huang et al. 2018) , Zea mays CENTRORADIALIS8 (ZCN8) (Guo et al. 71 2018), and ZmMADS69 (Liang et al. 2018 ). In addition to phenotypic traits, the maize-72 teosinte BC2S3 RIL population was used for a comprehensive genome-wide eQTL 73 analysis to study the changes in gene expression during maize domestication (Wang et 74 al. 2018).
75
Despite its utility, the maize-teosinte BC2S3 RIL population has three limitations.
76
First, there is only a single teosinte parent, which cannot broadly represent the diversity 77 of teosinte. Second, this population had two generations of backcross, which produces 78 a background in which some teosinte traits are suppressed and do not segregate 79 among the RILs. Third, the teosinte parent was a wild outcrossed individual which, 80 unlike an inbred line, could not be maintained as a permanent resource.
81
In this paper, we report the development of a teosinte NAM population (TeoNAM) 82 of 1257 BC1S4 RILs using five teosinte inbred parents crossed with a common maize RIL population. We report data for 22 traits but focus our discussion on 9 traits to 89 illustrate the utility of TeoNAM including identifying candidate genes. TeoNAM will be a 90 valuable resource for dissecting the genetic basis of domestication and agronomic traits. 
Results

93
Characterization of a teosinte NAM population 94 We developed a teosinte NAM population (TeoNAM), which was constructed by 95 crossing five teosinte inbred lines to a maize inbred line W22, followed by one 96 generation of backcross to the common recurrent maize parent and four generations of 97 selfing ( Figure S1 ). The Figure S3 ).
116
We constructed genetic linkage maps for each family and a composite linkage 117 map based on all RILs across all families and identified and annotated 51,544 high 118 confidence SNPs that were used to impute the SNP alleles in the RILs. The composite 119 genetic map based on these markers is 1540 cM in length including 35,880 crossovers.
120
We examined the relationship between genetic distance in cM and physical distance in suggest they may be polygenic threshold traits ( Figure S4 ). There are also substantial 140 differences in trait mean among the five subpopulations, indicating underlying 141 differences in genetic architecture among the five teosinte inbreds ( Figure S5 ).
142
QTL mapping
143
We used both Joint Linkage Mapping (JLM) and the Genome-Wide Association 144 Study (GWAS) method as two complementary approaches for QTL detection. We also 145 used basic interval QTL mapping for the five individual subpopulations to provide a 146 guide for future work to fine-map the genes underlying the QTL. We detected 255 QTLs Table S1 ).
148
We detected a total of 150 QTLs by GWAS, among which 57 QTLs overlapped with
149
QTLs by JLM (Table S2 ). Separate QTL mapping for each subpopulation detected 464 Table S3 ). Below, we focused on QTL detected by JLM for our characterization of the 152 genetic architecture and the distribution of QTL allelic effects.
153
Among 22 traits, the number of QTL ranges from 2 to 24; the trait with most QTL 154 is KRN. Genetic architecture varies considerably among traits (Figure 2 ; Figure S28 ).
155
Several traits, including BARE, GLCO, GLUM, PROL, REPE, STAM and YEPE, had 156 relatively simple genetic architectures with two to ten QTL including one of large effect.
157
The largest QTL for each of these traits has between 2.1 and 11.7 times the additive peak is closest to PROG1, being ~14 kb 5' of the start site ( Figure S32 ). This is the first 235 evidence that PROG1 may have had a role in maize domestication.
236
GLUM is classical maize domestication trait measuring the dramatic change from 237 the fruitcase-enveloped kernels of the teosinte ear to naked grains of maize ear.
238
Previously, this trait was shown to be largely controlled by a single gene which is known 239 as teosinte glume architecture1 (tga1) (Wang et al. 2005) . Interestingly, tga1 is a direct 240 10 target of tb1. We detected 11 QTLs that explained 62% of the total variance for GLUM.
241
These QTL include a large effect QTL at tga1 itself plus many small effect QTLs ( to tassel seed2 (ts2), a recessive mutant that produces pistillate spikelets in the terminal 269 inflorescence (tassel) (Irish and Nelson, 1993 
286
We detected six QTLs that explained 30% of the total variance for SHN ( Figure S35 ). Table S1 ).
313
QTL detection and effects
314
To evaluate the power of QTL mapping using TeoNAM, we summarized the 315 distribution of QTLs detected with significant effects in the different subpopulations. Figure S43 ). These QTLs might be worth exploring further 340 for use in maize improvement.
341
We also observed some interesting results for different teosinte parents. For KW, 
Comparing and combining TeoNAM with the BC2S3
352
We compared TeoNAM with the previous maize-teosinte BC2S3 RIL population. (Table S4 ). The QTLs with significant allele effects in multiple subpopulations will TeoNAM has allowed us to infer distinct genetic architectures for different traits. 
424
In our study, a total of 15 domestication traits and 7 agronomic traits were 
Materials and Methods
434
Population development 435 The teosinte NAM population was designed as a genetic resource for studying 
449
Then, the raw GBS markers were filtered in each RIL subpopulation using following 450 steps. We first removed sites with minor allele frequencies below 5% and thinned sites 451 with 64 bp apart using "Thin Sites by Position" in TASSEL5 (Bradbury et al. 2007) , and 452 then we ran FSFHap Imputation in TASSEL5 separately for each chromosome using Bad genetic markers were identified by visual inspection of the genetic map and 461 removed, then we repeated all filtering steps. Finally, an average of 13,733 high-quality
462
SNPs was obtained for each subpopulation (Table 1) .
463
Field design and phenotyping
464
The teosinte NAM population was planted using a randomized complete block Twenty-two traits were scored (Table 2) 
546
GWAS
547
A genome-wide association study (GWAS) approach was also used to map QTL 548 in the TeoNAM population. Since GBS produces relatively low-density markers, the 549 955,690 raw SNPs from GBS pipeline were filtered using a less conservative criteria: 
